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THE USE OF TERRESTRIAL TEST SITES AND ATRCRAFT

FLIGHTS IN PREPARING FOR REMOTE SENSING FROM
EARTH ORBITAL SPACECRAFT*

2
Peter C, Badgleyl Leo Childs William Fischer3

The National Aeronautics and Space Administration is
engaged currently in the planning of scientific
payloads for future earth and planetary (Mars, Venus,
Moon) orbital spacecraft. The instruments which would
make up the scientific payload are remote sensors,
including detectors to measure infrared, microwave,
X-ray and gamma ray emittance; active radar systems,
multiband photography; gravity, magnetic, and other
sensors. Because the scientific applications of
remote sensors are not well understood, the NASA is
now engaged in a comprehensive aircraft flight program
over known ground sites to test these new and
hopefully very useful tools.

The heavily-instrumented NASA-MSC Convair 240A,
equipped for full in-flight monitoring and data
recording, is ideally sulted for the initial phases
of the test~site survey program at altitudes of less
than 20,000 feet; present equipment includes two
scanning systems which record infrared responses in
the 4,5-5.5 and 8-13u ranges.

Pisgah Crater and adjoining lava flows, California,
were selected for initial NASA remote sensing surveys
to provide infrared imegery. Relationship of surface
temperatures, microrelief, and reflectances of various
lithologies to film density on infrared images suggests
that unconsolidated materials possess lower thermal
inertia and for equal quantities of solar radiation
emit larger quantities of infrared energy than
consolidated materials, Density of infrered images
differs for different angles of view, perhaps more
for rough surfaces than for smooth, Such variations
in radiation may be observed from airborne platforms.
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Addends to preprint of paper titled "The use of terrestrial test sites and
aircraft flights in preparing for remote sensing from earth orbital
spacecraft” by Peter C. Badgley, Leo Childs, and William A. Fischer.

Fig. 21 Index Map Showing Location of Pisgah Crater Area

Fig. 22 Index aerial view of Pisgah Crater area. Large rectangles are
fundamental test site. Small squares l-5 are special-purpose
radar sites. Pisgah basalt lave flows are larger dark areas to
the north; Sunshine flows are to the south. Salient geologic
features include: A) Pis Crater, B) Sunshine Crater,

C) bisected Lavic Crater %:hil pyroclastic cones), D) aa~-textured
flows, E) pahoehoe-textured flows, F) tonal differences indicating
compositional and age differences in Sunshine flows, G) Pisgah
fault scarp, H) Lavic Lake playa, 1) basalt fragments near
southern end of Pisgah flows, overlying mud-cracked silty-clay
surface of playa, J) pepper-salt pattern indicating presence of
silt pockets in surface of basalt flow, K) Sunshine Range composed
of andesite and dacite porphries and lesser amounts of quartz
monzonite, L) older and Quaternary aluvium, and M) recent fan
deposits.

Fig. 24 Chart showing radiant temperatures of various materials during
the period 0600 to 0800, February 13, 1965, together with the
temperature of the air and sky and other meteorological parameters.
Underscored numerals indicate film density values of infrared images
of various materials. The materials to wh?'.ch they refer and the time
1 [

the images were produced are shown with "x"'s. Density wvalues not
to scale. Based on preliminary interpretation of data.

Fig. 27 Sections selected for each lithology are those most closely
approximating the mean surface area of all samples for each lithology.

Fig. 29 Range in change of image density away from centerline of image of
several lithologies, plotted against surface irregularity (ratio
of mean surface area of approximately 16 samples of each lithology
to area of an equidimensional plane). Determined from selected
infrared images flown February 13-1k, 1965, and preliminary
interpretation of data.

Prose



INTRODUCTION

The National Aeronautics and Space Administration is currently
evaluating a number of new and newly refined instruments for use in
exploring the earth and planetary surfaces from orbiting spacecraft.
These vehicles are expected to play a role analagous to that of

aerial survey aircraft in the natural resource field.

The instruments which would make up the payload, often referred to
as "remote sensors", include devices that are sensitive to force
fields, such as gravity gradient systems and devices that record the
reflection or emission of electromagnetic energy. Both passive
(those that rely on natural sources of Zllumination, such as the
sun) and active (those that utilize an artificial source of illumin-
ation) electromagnetic sensors are under consideration.
Investigations relating to force field sensors are in an inceptive

stage and are not further discussed in this paper.

Each type of surface material (e.g. soils, rocks, vegetation and

other forms of life, etc.,) absorbs and reflects solar energy in a

characteristic manner depending upon its atomic and molecular structure.

In addition, a certain amount of internal energy is emitted which
is partially independent of the solar flux, The absorbed, reflected
and emitted energy can be detected by remote sensing instruments in

terms of characteristic spectral signatures and images. These
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signatures can usually be correlated with known rock, soil, crop, and
other conditions. The relationship to specific terrain features

can be more closely established by judiciously correlating a group of
diverse signatures, each obtained simultaneously by a different

remote sensor.

CHARACTERISTICS OF ELECTROMAGNETIC SPECTRUM

Sensors which respond to energy in the gamma ray, ultraviolet, visible,
infrared, and radio parts of the spectrum are being considered for use
in the NASA program. Selection of the specific parts of the electro-
magnetic spectrum to be utilized in these investigations is governed
largely by the photon energy, frequency, and atmospheric transmission
characteristics of the spectrum (fige 1)s The exploration role

that sensors will be assigned on terrestrial or lunar surveys;ié
similarly dictated by spectrum characteristics, principally
atmospheric transmission. Some of the remote sensors responding to
various parts of the spectrum and their possible exploration appli=-
cations are illustrated (figs. 2 and 3).

Basic Preflight Studies Underway

Chemical composition, surface irregularity, degree of consolidation
and moisture content are among the parameters that are known to affect
the records obtained by electromagnetic remote sensing devices, Full

interpretation of sensor records requires therefore, that these effects



be known and studied quantitatively. A number of fundamental
laboratory studies concerned with these effects are underway.
Laboratory studies are being supplemented by detalled studies of
a number of test sites in the United States and elsewhere, These
test site studies form a very significant part of NASA's pre-
spaceflight program. Detailed ground study of these test areas,
coupled with preliminary remote sensing surveys from aircraft,
are being undertaken by various cooperating organizations. An
evaluation of the scientific applications of radar for earth
and planetary surface analysis is currently underway (fig. 4).
Similar steps are also underway for each type of promising remote
sensor. These basic studies should serve to:

1. advance our knowledge of the fundamental effects of
various terrain parameters on sensor records.

2. provide a means of calibrating data returned from earth-
orbiting sensors (the areas studied are of sufficient size to
be resolved from space).

3. test the operation of the sensing equipment for earth
orbital Tlights as well as for later planetary missions,.

4, enable us to refine our data handling and interpretation

techniques,
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The use of aircraft flights over known calibrated ground sites is a
very important phase of these basic pree-spaceflight studies (fig. 5).
More details on the NASA aircraft facilities being used are
described in the following section of this paper. ZIventually the
Jump to spacecraft must occur because aircraft platforms will not

be available in orbit about the Moon and other planets, There is

of course great merit in viewing the Earth itself from orbital
altitudes, Many terrestrial features such as crops, water resources,
coastlines and oceanic phenomena are transient in nature and there-
fore require repeated observations. These may be more readily
available in the future via operational spacecraft than by repeated
aircraft coverage. Many laymen do not realize that the U.S.
Government and industry alone spend on the order of 3 - 5 billion
dollars annually on aerial surveys (domestic and overseas operations)
according to a recent estimate, lMost aerial surveys are one=-

time flights and do not provide periodic or continuous coversge of
transient features. The entire battery of remote sensors designed
for terrestrial and planetary surface study constitutes a vast
data=-gathering systeme The applications of this information present

an exciting challenge to all branches of earth science,



Nature of Test Sites

The use of calibrated ground test sites is an important phase of the
remote sensor evaluation program being conducted by NASA. Two types
of test sites are being studied: 1) fundamental sites and 2) extended
sites (fige 6)s The fundamental sites are small in area and
considerable ground data already exists for them. They are generally
applicable to only a single user discipline, The extended sites

are larger in size, also quite well known insofar as ground data is
concerned, and contain a number of fundamental sites for various

user disciplines. Special guidelines for test site selection were
used (figs. Ta, Tb and 8) and some of the test sites already have

been selected and are under study.

Relationship of Remote Sensors to Manned Earth Orbital Missions

The remote sensor instruments being studied by NASA are particularily
suitable for payloads on the potential earth and lunar orbital missions
(figs 10). The relationship of this type of experiment to other
experimental areas is also being considered for manned earth orbital

flightse.

ATRCRAFT IMPLEMENTATION
A basic requirement of the feasibility test program is the
simultaneous sensing of the test sites by as many of the sensor

systems as possible., Therefore, it is highly desirable to conduct



all experiments with the same aircraft., To date only three air-
craft have been utilized. A1l radar data has been acquired By a
JC~131B aircraft belonging to the Aeronautical Systems Division,
WPAFB, and a WV-2 aircraft belonging to the Naval Research
Iaboratory. These two aircraft were chosen on the basis of their
availability and the characteristics of their existing radar
instrumentation. The WPAFB aircraft is equipped with a brute-
force type Ka band side~looking radar which registers both sides
of the line of flight. The average recording resolution is on
the order of 50 feet or less., The NRL aircraft is equipped
with four different pulsed coherent radar systems transmitting
at P band {428 MC), L band (1225 MC), C band (4455 MC), and

X band (8910 MC). Additional radar equipment will be utilized
if the investigations require.it. It is intended to install all
other compatible sensor systems in the NASA~MSC Convair 240A
(fige 12). This aircraft is ideally suited for the initial phases
of the test~site survey program which are to be conducted at
altitudes of 20,000 feet and below., Eventually, aircraft with
higher altitude and longer range capabilities will be utilized.
The NASA Convair 990 is expected to be brought into the program
in 1966. As the investigations progress, it is anticipated that

operations at altitudes up to 82,000 feet will be performed.
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The NASA-MSC Convair 240 aircraft has been heavily instrumented as
a test for conducting a wide variety of electronic and electro-
optical experiments (fige. 13). Basically, the instrumentation
provides highly controlled power for the experiments and full in-
flight monitoring and data recording of all events, All flight
parameters are continuously displayed (fig. 14) and recorded at
one-second intervals by the data~-recording camera system (fig. 15).
A1l data from the various sensors is indexed together by a time
signal and frame nunmber of the master survey camera for ease of

processing and retrieval.

A number of the sensor systems, such as the in~flight controls

and data recording system of the NASA-USGS infrared scanner

(figs. 16 and 17), already have been installed; others will be
installed as they become available, The present equipment consists
of two scanning systems which record the infrared responses in the
4,5-5,5 and 8-13p ranges. The signals are recorded as photographic

images on 35 and 70 mm film. Ultimately this equipment will be

modified to record all responses on magnetic tape to ensure maximum

interpretability.

A T=11 mapping camera and an A~28 gyro-~stabilized mount have been
installed (fig. 18). This equipment provides conventional

photography for indexing and control of all sensor events with



ground-position information and general terrain features. The
data from all other sensors can be correlated with this photography

for any desired time frame.

Two additional A-28 gyro-stabilized mounts will be installed

{fige 19) and a multispectral camera will be installed in one of
these mounts. This camera contains nine identical lenses filtered
to record the responses from 38003 to 9000% in discrete spectral
ranges., This equipment will be operational by April 1965, The
other A-28 mount will contain an infrared spectrometer to record the
spectral responses in the T=-30m range. This equipment will be

operational in July 1965,

In addition to the sensor systems mentioned above, a passive
microwave receiver system is expected to be operational in the CV2LO

aircraft by mid-sumer 1965,

A summary of the investigator teams participating in the NASA
remote sensing feasibility program (fige 20) appears in the following
section of this paper which describes some of the preliminary work

of the infrared team,
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INFRARED AERTAT, SURVEY AT PISGAH CRATER
Initial surveys utilizing the NASA remote sensing aircraft were
undertaken from February 9 to February 17, 1965, at Pisgah Crater,
San Bernardino County, California. Sensors aboard the aircraft
utilized in these surveys included a Reconofax L infrared scanner,
operating in the 8-13p part of the spectrum, and a AAS=-5 scanner,

filtered so as to record energy in the h.5-5.5u part. of the spectrum,

Pisgah Crater rubble cone and adjoining lava flows (figs. 21, 22
and 23) were selected as the site of the initial surveys for
the following reasons:

l., the rocks are relatively fresh and largely unaffected by
weathering,

2, the area is largely devoid of vegetation,

3« rocks having similar chemical composition occur here in a
variety of physical conditions (rough, smooth surface to consolidated
and loose),

L. the area is free of snow for most of the year,

5« the area is readily accessible by land and air,

6. geologic maps of the area are available, and

Te support facilities, such as photographic laboratories, are

available at nearby NASA installations.
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The principal objectives of the initial surveys were testing the
airborne and related field monitoring equipment under operational
conditions and developing field methods for describing the surface
of various rock units in a statistically valid manner and in terms

meaningful to the interpretation of the infrared records.,

The initial surveys and related field stvdies have also
contributed to seversl long-range objectives of our program by:

l. permitting an assessment of the value of infrared
records in measuring the differences in thermal inertia of various
earth materials and relating these observations and measurements
to differences in consolidation and surface irregularity of the
various materials,

2, permitting an assessment of the effects of different
angles of view on infrared records and relating these observations
to surface irregularity,

3. permitting an assessment of the geologic value of
simultaneous observations of solar absorption and infrared
emission,

L. permitting a preliminary assessment of the geologic value
of observations of the spectral distribution of infrared energy emitted
by various rock types present in the area, and

5. permitting a preliminary appraisal of the effects of altitude

on infrared records,
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In preparation for the remote sensing surveys, aerial photographs
were -taken at scales of 1:4000-1:8000, control points established
and targeted, and topographic profiles of selected areas compiled
at scales of 1:600, The targeted control points were used in the
preparation of the topographic profiles and will be of additional
value in calibrating the various sensing instruments and in

relating various remote sensing images to one another,

During the period of aircraft flight, the temperature of each
of the major rock units (Seven gross lithologic units were
studied in the Pisgah area., These units were:

1) aa, rough-surfaced or granular basaltic lava,

2) pahoehoe, basaltic lava having a relatively smooth or
vesicular surface,

3) desert pavement mosaic of basalt fragments and areas
covered with loose fregments of basaltic lava,

4) cinders, blocks and ash of rubble cone,

5) surficial materials, chiefly calcareous silt and quartz
sand,

6) -élluvial fan material ranging from silt to boulders, of
diverse composition, and

7) playe deposits, mostly silt and clay.)
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was monitored (figs. 23, 2k and 25) to provide calibration for the aerial
infrared images and basic information releting to the thermal properties
of the rock units themselves. These measurements demonstrate that the
various units differ from one another in thermal properties. Cinders,
for example, are characterized by low radiant temperature during
nighttime hours; a rapid rate of change in temperature at dawm, signifying
low thermal inertia; and relatively high radiant temperature in day=-
light hours., These characteristics contrast strongly with characterisites
of aa and pshoehoe lavas, which have lower rates of change and radiant
temperatures more nearly approaching the temperature of the air surrounding
them., Close examination of the temperature records suggest that each
of the units is distinguishable and possibly identifisble, by analysis

of its thermal behavior.

The radiant temperatures of each of these units were recorded several
times on aerial infrared images during the period of time represented
in figure 24. While only preliminary analyses of these records have
been made, these analyses suggest that the thermal properties of the
various units may be deduced from sequential airborne infrared images
provided appropriate thermal reference is available from ground control
or possibly from an instrument calibration system. Some preliminary
results of the analysis of the airborne infrared records are also shown

in figure 2L,
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In addition to monitoring the temperatures of various units during
periods of aircraft flight, measurements were made and samples
collected to provide data relevant to other parameters which may
affect the way in which various surfaces are registered on infrared
imsges. Profiles of segments of the surface were among the data
obtained in the field, These profiles were measured in two directions
at a spacing of three feet in a rectangular grid system of 225 fte2
for each lithologic unit (fig. 26). Estimates of the surface
irregularity or microrelief were made for each sample location in
five lithologic units by measurement of the profile surface length
(fig. 27 and 28) and estimation of the total surface area. The ratio
of surface area of sample to the area of an equidimensional plane
is considered here an index of surface irregularity. The mean surface
irregularity of 16 samples of each lithology was plotted against
change in infrared image density per degree of arc (fig. 29) to

determine the relationship between surface irregularity and image density.

These relationships suggest that, in general, the total radiating
surface, and hence the total energy visible to the detector at any one
instant of time, diminishes more rapidly for irregular surfaces than

for relatively smooth surfaces with increasingly oblique angles of view,.
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To evaluate possible geologic significance of cbservations of the
relationship between solar absorption and infrared emission, the film
density of the infrared images of the various units was contrasted to
their absorption of visible light as determined by colorimetric measure-
ment (fig. 30)e The preliminary results of this investigation are
shown in figure 31. These observations show that the unconsolidated
deposits, cinders and silt, emit significantly more infrared energy when
exposed to sunlight than the consolidated lavas, although the cinders
and silt reflect more (absorb less) solar energy than the lavas., The
data likewise suggest that the irregularly-surfaced as (fig. 30) emits
more radiation relative to its absorption of solar energy than the

somewhat less irregularly-surfaced pahoehoe,

Sensor flights were undertaken at altitudes of 1,500 feet above terrain
and at 5,000 feet gbove terrain to obtain preliminary data relating

to the effects of increasing altitude on our ability to distinguish
various materials. At the present time these images are unevaluated;
they will be studied to determine the effects of successively higher-

flight altitudes.

The spectral distribution of emitted infrared energy in the 2=151 range
was measured in the field with a spectrometer-interfercmeter (fig. 32).

Strong signals and clear records were obtained that seemingly show
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significant differences in the spectral distribution of energy emitted
by the various lithologies. The recorded signals are being processed
by a co-adder, computer, and wave analyzer, to determine which of the
processing instruments and techniques yield the most meaningful

resultse.

SUMMARY OF INFRARED SURVEYS

Pisgah Crater and adjoining lava flows, California, were selected
for the initial surveys undertaken with the NASA remote sensing
aircrafte These surveys were primarily intended to test equip~
ment under field conditions and to provide infrared imagery of
the test site at various times of day and from various spatial
positionse. Field control stations were surveyed and targeted on
the surface of the test site to facilitate development of topo-
graphic profiles at a scale of 1:600 and to assist in relating

various sensor records to one another.

Field measurements of surface temperatures, microrelief, and
laboratory measurements of reTlectance were contrasted with measure~
ments of film density on infrared images acquired at various times
of daye. Measurements of microrelief were also contrasted with

£ilm densities of various materials imaged at increasingly oblique
anglese
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Contrast of these various functions suggests that unconsolidated
materials possess a lower thermal inertia than consolidated
materials; that unconsolidated materials emit larger quantities
of infrared energy than consolidated materials when both are subjected
to similar quantities of solar radiation; and that the film
densities with which objects are recorded on infrared imagery
differ with angle of view; commonly the differences are greater
for rough surface than for smooth, These studies also suggest
that these relative quantities and changes in relative quantities

of radiation may be observed fram airborne platforms.
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N-S

(P-1,1C)

TYPICAL PAHOEHOE SURFACE

FIGURE 27 Profiles of Typical Surfaces of Five Lithologic

Units for VWhich Preliminary Samples Were Collected
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TYPICAL aa SURFACE

FIGURE 27 CONTINUED



(P-3,4B)

TYPICAL SILTY CLAY OF PLAYA SURFACE

FIGURE 27 CONTINUED
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(P-4,3A)
TYPICAL FRAGMENTS ON PLAYA SURFACE

FIGURE 27 CONTIINUED



IS = | INCH

N-S

(P-6,1A)

TYPICAL VOLCANIC EJECTA SURFACE

FIGURE 27 CONTIINUED



FIGURE 28 Angular, Vesicular Basalt Fragments Distributed in Rough Polygonal
Patterns on the lMud-Cracked Calcareous Silty-Clay Surface of Lavic Lake
Playa
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FIGURL 31
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SILT aQd CINDER PAHOEHOE
Relationship of the Reflectance of Various Materials, as

Determined by Colorimeter Measurement, To Relative Infrared
Fmission, lMeasured and Ixpressed as Film Density as Necoxrded
on Infrared Image Produced at 14:10, February 13, 1965



FIGURE 32 Interferometer Spectrometer Used for Field Measurement
of the Spectral Energy Distribution of Infrared Radiation
(5-15 lMicron) Fmitted from Various Rock Surfaces




